It is well established that rat decidual tissue produces a PRL-like hormone(s) that binds to the PRL receptor on both the corpus luteum and the decidual cells and initiates profound changes in the endocrine milieu required for the establishment of pregnancy. The recent cloning of a decidual PRL-related nrotein (dPRP) Dromnted us 1) to determine whether the expression oi this gene is t$gerei by decidualization of the endometrial stromal cells, 2) to examine the temporal and cellspecific pattern of its expression, and 3) to examine the role of both decidual signals and PRL on levels of its messenger RNA (mRNA). Total RNA was isolated from uteri of either nonpseudopregnant rate or DseudoDregnant rats with or without decidual tissue. A 1-kilobase mRNA sp&s hybridizing strongly with the dPRP probe was present in decidualized uteri. No dPRP mRNA could be detected in uteri not subjected to decidualization. Developmental studies indicated a constant high level of dPRP mRNA in the decidual tissue until day 12 of pseudopregnancy, followed by a marked decline at a time when extensive ceil death occurs in the decidua. suggesting that dPRP is constitutively expressed in this tissue. To exam%e thecell-specific expression of dPRP, antimesometrial decidua was separated from mesometrial decidua, and the large antimesometrial cell population was separated from the small mesometrial cells by elutriation. The results of Northern analysis revealed clearly that dPRP is abundantly and solely expressed in the large antimesometrial cells. No dPRP mRNA could be detected in the mesometrial cells and in numerous other endocrine and nonendocrine tissues. A faint signal was observed, however, in the trophoblast. Despite the very strong paracrine regulation between the antimesometrial and mesometrial cells and the high levels of PRL receptor expression in these cells, both in uiuo and coculture experiments revealed no regulation of dPRP gene expression by either PRL or mesometrial cell signal, adding further support to the possibility that once induced, dPRP remains constitutively expressed.
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In summary, the results of this investigation revealed that the expression of dPRP in endometrial stromal cells is triggered by the induction of decidualization and that this gene is selectively and abundantly expressed in a defined cell population located in the antimesometrial region of the uterus. Thus, dPRP is not only a useful indicator of decidualization, but is also an excellent marker for the differentiated antimesometrial cells. (Endocrinology 136: 1422-1427,  1994) D ECIDUALIZATION, involving major transformation of the uterine endometrial stromal cells, is a remarkable feature of the maternal response to pregnancy in many mammalian species. It is particularly striking in these species, including humans and rats, in which placentation is characterized by extensive invasion of trophoblastic cells. In the rat, the uterine endometrial stroma undergoes dramatic growth and differentiation in response to either blastocyst implantation or artificial stimuli to form decidual tissue. A complex relationship exists between decidual and ovarian signals. Ovarian progesterone is essential for the survival of the decidual tissue, which, in turn, is responsible for controlling a cascade of events in the ovary necessary for pregnancy to continue (l-10). Decidual cell actions were found to be directed at least in part through the production of a PRL-related hormone that binds to PRL receptor (11-14) and has luteotropic functions similar to those of PRL (3-6, 8). The decidual luteotropic activities have been attributed to a 28-to 29-kilodalton protein(s) produced by a defined cell population located in the antimesometrial decidua (9, 11).
Rat decidual tissue, does not express the pituitary PRL gene (9), and the decidual hormone(s) differs from PRL even though it binds to the same receptors (1, 11) . Recently, Roby et al. (15) have succeeded in isolating, from a rat decidual tissue complementary DNA (cDNA) library, a clone that encodes for a decidual PRL-related protein (dPRP). dPRP is a new member of the PRL-GH family. Its gene is localized to rat chromosome 17, which also carries other members of the PRL gene family. Nucleotide sequence analyses of the dPRP cDNAs predicted a mature secretory protein of 211 amino acids with two putative N-linked glycosylation sites. The predicted dPRP amino acid sequence contains six cysteine residues located in positions homologous to the cysteines of PRL. The similarity of positioning of cysteines within the PRL and dPRP sequences suggests a correspondence in folding and, thus, biological activities.
The recent cloning of dPRP has prompted us to examine 1) the tissue specificity of dPRP expression, 2) its temporal expression in decidual tissue during development, 3) the definite cell population within the decidua that expresses the dPRP gene and, finally, 4) the role of both decidual signals and PRL in dPRP expression. 
Materials and Methods

Materials
Results
Effect of decidualization on dPRP expression
To determine whether decidualization of stromal cells induces the expression of dPRP, Northern analysis was performed on total RNA obtained from uteri of either nonpseudopregnant rats or pseudopregnant rats with or without decidual tissue. As shown in Fig. 1 , a 1-kb messenger RNA (mRNA) species hybridizing strongly with the dPRP probe was present in RNA preparations from decidualized uteri. Only a faint signal was present in the uteri of pseudopregnant rats without decidual tissue, and no dPRP mRNA was detected in nonpseudopregnant uteri. These results indicate that decidualization of the endometrial stroma markedly stimulates the expression of the dPRP gene and further establishes dPRP as a specific marker for endometrial stromal cell decidualization.
Developmental
and cell-specific expression of dPRP in the decidua Once we established that decidualization induces the expression of the dPRP gene, we examined the changes in dPRP mRNA throughout pseudopregnancy. The results shown in Fig. 2 indicate that levels of dPRP mRNA remain elevated throughout pseudopregnancy and decline after day 12, at a time when extensive cell death occurs in the decidua, suggesting that dPRP is constitutively expressed in decidual tissue. Because PRL-like activity is found only in the large cells located in antimesometrial decidua (7, 9, lo), we examined whether dPRP expression is also confined to this cell population. We first examined dPRP expression in antimesometrial and mesometrial decidual tissues separated by dissection and found (Fig. 3) To determine whether dPRP gene is expressed in other tissues, total RNA was isolated from several endocrine and nonendocrine tissues and subjected to Northern analysis. The results (Fig. 5) indicate that whereas dPRP mRNA was abundant in the decidual tissue, no message was detected in the corpus luteum, testes, adrenal gland, liver, heart, or small intestine, suggesting that dPRP may be highly specific to the decidua. However, a faint signal was observed in the placenta. Because the placenta is comprised of both decidual and trophoblastic tissue, it became of importance to determine whether dPRP is expressed in isolated trophoblast. We also compared the expression of dPRP with that of another PRL-related hormone, termed PRL-like protein-B (PLP-B), which was reported to be present in the trophoblast and also in the decidua, albeit in lower abundance (20). Northern analysis was carried out with RNA preparations from antimesometrial and mesometrial decidua and from trophoblast tissue isolated by dissection from the decidua. The results (Fig. 6 ) revealed that dPRP mRNA is expressed in the decidual tissue with much greater abundance than PLP-B. A trace amount of dPRP mRNA was detected in the trophoblast. It is not yet clear whether this is due to contamination with some decidual tissue, cross-hybridization with other PRLrelated mRNAs known to be expressed in the trophoblast (21, 22), or very low expression of dPRP itself in this tissue. Interestingly, although two PLP-B transcripts (1.2 and 0.9 kb) were detected in both trophoblast and decidua, they were differentially expressed in the two tissues. The 1.2-kb species is found more abundantly in the decidua.
Regulation of dPRP in the decidua
Because of a very strong paracrine regulation between antirnesometrial and mesometrial cells (23, 24), we investigated whether the absence of dPRP message in the mesometrial cells was due to an inhibitory signal from the antimesometrial cells. We also examined whether the products of the mesometrial cells affect the expression of dPRP by antirnesometrial cells. We isolated antimesometrial and mesometrial cells by elutriation and cultured them either independently or in coculture, as shown in Fig. 7 . No dPRP mRNA could be detected in the mesometrial cells even when these cells were cultured in the absence of antimesometrial cells. We also could not detect any difference in the expression of dPRP mRNA in antimesometrial cells whether they were cultured in the presence or absence of mesometrial cells.
Because decidual cells possess binding sites for PRL (14) and express the two forms of the PRL receptor gene (25), we investigated the possibility that PRL may regulate the expression of dPRP in the decidua. PRL secretion was blocked with ergocryptine treatment, as previously described (1,3) . Decidual tissues were obtained from rats treated with or without Decidual tissue was isolated from day 13 pseudopregnant rats. Antimesometrial (A) and mesometrial (M) de&dual tissues were separated by dissection. Trophoblast (TROPH) was isolated from day 19 pregnancy. Total RNA was isolated from both tissues. Twenty micrograms of total RNA were loaded in each lane and hybridized with the PLP-B cDNA. After stripping (0.01 x SSC and 0.01% SDS; 100 C; 2 min, five times), the blot was hybridized with the dPRP cDNA. Ethidium bromide staining of the blot is present in the lower panel.
the dopamine agonist, and the level of dPRP mRNA was examined in pooled antimesometrial and mesometrial decidual tissues by Northern analysis (Fig. 8) . No apparent effect of PRL on dPRP expression could be detected. Here, also, dPRP mRNA was predominantly located in the antimesometrial tissue.
Discussion
The present study demonstrates that the decidual PRLrelated protein gene is highly specific to decidual tissue. It is abundantly expressed in the decidua and more specifically in a defined cell population confined to the antimesometrial region of the uterus. The expression of the dPRP gene is triggered by the induction of decidualization, indicating that dPRP is not only a useful indicator of decidualization, but is also an excellent marker for antimesometrial cell transformation. These cells, which originate from endometrial stromal cells located in the antimesometrial region of the uterus, decidualize first and become very large. Decidualization occurs at a later stage in the mesometrial region where cells remain less differentiated and much smaller. Our find- ing that dPRP gene is expressed only in the large antimesometrial cells together with our previous report (9,13, 24) that these cells are the sole source of the PRL-like hormone secreted by the decidua suggest that during decidualization, only this cell population acquires the specific factors responsible for this cell-restricted expression. . The follistatin gene is expressed for only a few days, and its mRNA disappears abruptly after day 10, whereas activin mRNA only becomes detectable after day 11. This suggests that activin and follistatin are differentially regulated in antimesometrial cells during development, whereas dPRP may be constitutively expressed. However, in contrast to activin and follistatin, which are produced by many different tissues (29), dPRP appears to be highly specific to antimesometrial decidual cells. dPRP could not be detected in the numerous endocrine and nonendocrine tissues examined. Very low levels of dPRP mRNA were detected, however, in day 18 placenta. This mRNA was not necessarily due to the presence of decidual tissue in the placenta, as similar signal was detected in isolated trophoblast. Another PRL-related gene, termed PLP-B, was previously reported to be expressed in both trophoblast and decidua (20, 30). PLP-B clone was initially isolated from a day 18 rat placental library and was found to be abundantly expressed in the trophoblast of late pregnancy (30). Further studies (20) indicated that PLP-B mRNA was also detectable in the antimesometrial decidua. This led Croze et al. (20) to suggest that PLP-B may be the decidual luteotropic hormone. Our investigation has revealed that dPRP is expressed in the decidual tissue with much greater abundance than PLP-B. We originally thought that PLP-B mRNA, detected in the decidua with the PLP-B cDNA, may be due to cross-hybridization with dPRP. However, careful analysis of the results indicate that the predominant decidual PLP-B transcript is 1.2 kb, whereas dPRP is 1 kb, as previously reported (15, 20) . These findings indicate, therefore, that at least two PRLrelated genes are expressed in the decidua. Both PLP-B and dPRP mRNAs encode for proteins in the 2% to 29kilodalton range, and the luteotropic activity reported earlier may encompass both proteins.
Because antimesometrial cells not only secrete PRL-like hormone(s) but also express PRL receptors (14, 25), we investigated the role of PRL in dPRP expression. We also examined whether mesometrial cell signals affect dPRP expression in the antimesometrial cells. These experiments stemmed from our previous findings, which revealed that large amounts of PRL-like hormone accumulate in the culture medium only when antimesometrial cells are cultured in the absence of mesometrial cells (9) or when mixed decidual cells are continuously perifused with medium (12). We interpreted these findings to mean that either mesometrial cells are a site of degradation of the hormone, or mesometrial signals may inhibit its expression. The results of this investigation indicate that neither PRL nor products of the mesometrial cells affect dPRP expression in antimesometrial cells, adding further support to the possibility that once induced, dPRP remains constitutively expressed. However, what triggers dPRP gene expression in the defined antimesometrial cell population at the inception of decidualization remains a mystery and is the subject of further investigation in our laboratory.
